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OPTICAL RADAR SYSTEM
Robert Ao Flower, Vhite Plins, and Gus Stavis, Briare
ciT Mauror, N.Y., aviznors to General Precision, Ine.,
& corperition of Deiaware
Filed July 3, 1504, Ser, No, 380,158
16 Claims, (CL 73—71.3)

The present invention relates to an oplical radar sys-
tem for delzcting and analyzing vibratious of 8 remcte
bady or surfoce, More particularly the invention described
herein is a coherent optical radar system in which a
pencrating means, such as a la<er, is employed to generate
and trursmit a continueus wave (ew) of clectromaenctic
energy toward a remolc tarzet. The system provides for
receiving the reflectzd transmined cw signal ard for de-
teeting and tmnslating the information of the reflected or
echo signal in terms of the churictsr of the vibiations or
motion of the remote body.

The w2 of a cw signl] upsi::x] frequencies for detect-
ing vibrations of a remete body hus heretofore presenied

roblems. In microwave and rudio frequency radar sys-
tems a stable local oscillstor may be conveaiently used
ta provide a reference sizna! used for heterodyaing with
the e:ha signul for the parpo-¢ of recovering echo rh,w:
informatizn, At optical frequencics this arrangement is
difficult 1o deplicate. Thus a cw coherent optical radar
syslemn emnploying one signzl penerating mezns is a pre-
ferred vonfigucation. :

Since a relerence signzl in the form of part of the
Iransmitic 'd siznal is rendily obtuinable, a ¢ysiem of homo-
dyii: 1g, mi 'lx the transnaitted sicnal and T6¢ ko sig-
gal, 1’ ved m the sabjest favention. Hemodyning is a
process of mixing, Homoadyning is a process of mixing an
echo sig:m and poet of the transmitted signal so as 1o
provide, amongst o.her things, a signal which varies at
or abaut zero frequency. Such variahle signal is a function
of the vibrations or moevements of the remote body or
suriace from which the transaiited signal wos reflected.

Siinple homodyaing ¢f *his Lind prescats the problem
of folduver, where the wodulution sidebands on tae echo
signal, which are the functions of the vibratisns or mo-
tion of the remote body or surface, fold about the zero
frequeacy. The Ich.}.:; cf the sidebands about zero fre-
quency distorts-the characterittics found on the echo sig-
nal. This distortion preveats true measurement of the
ccho signal cha-acteristics.

Our novcl approach avoids the prohle’n of providing
a scparate local oscillzior at the optical frequency. Thus
oanly one laser is cmployed in the cw optical ralar system
and I & fanner whizh avoids the problem of fold-over
of the echo characteristics about the zero frequency.

Qur novel cw optical radar system involves homodyne
mixing of the transmi:ted siznal and the echo signal in
tvio quadrature chunoels feilowed by quadrature medu-
futicn with an interaizdizte fraquency siznzl of substin
tially lower frequency than the transmitted freguency but
subs:atially higher frequency than any of the charuacter-
istics found on the echo »>ignal and summing of the modu-
lution products before final demodulation. With this new
apj nach, the echo signal is reconstrucied zt an inter-
mediate ficguency so that the exact quality of the char-
acteristics found on the echo siznal, is preserved.

It is an object of the proseat inveation to provide 3 cw
optieal rader iwmtem for detecing and analyzing vibra-
tiors of a remote body or suriace.

rother abject Is to provide a cw radar system operatt

ing at frequencies in the oztical range for delecting and
analyzirg viboatioas of a remcte body or surfzce in Whh,h

' the ru,cm.d echo signal is homodyned at the cacrier wave
frequencies in two quadrature channels and gquadrature
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modulated at an intermediate frequersy for reconstruct-
ing the echo signal, et an inter.nedials fn:q..:wy

A furiher objcct is to provide an opical mudar sytem
for detéeting and a’!.nnng vibrations or omotion of a
remote bady or suriace in which the cptical freguency
signal genenator serves for traaumitting the eptical free
quency signal and for providing u refereace rignid thereby
avoiding the pecassity of providing a second local Oscil-
lator at the eptical carrier h:qucncy ’

A furher objest s to provide an Oply.J radzor system
in which the ccho signal i homadmcd I3 two quadeature
chunnels and the echo ~Acn J i reconstructed at an inter-
medir e frequency and is analyzed and tramslated by cire
cuit clerueits emrloying conventionyl frequency modula-
tion and demodulation technigues.’

Thoswe and other objects will become apparent from
reading the followina dewcription of our insention and
the principles reluted thereto with refererce to the accome
panyiag drawiags in which:

FIG. 1 is a block diagram of the preferred form of
the invention and

FIG. 2 is a circuit diagram of part of the tlock diagram
of FIG. 1.

Ruierting in detail to the block diagram of TIG. 1,
an opticud ‘r. quency cortinuous wave {ca) siznal gea-
erator, rerveernied by block 10, cw lowsr. provides a
transmitied sienad in the form of a licht be v or column,
Thc ‘r.mvuil :d beam i, rcprusc n d b) i‘n‘.c:n line 11,

ur es r:.!..\t-
tull be vsed

".15 of certiin
of the ermpenents of our system: With this in mind let it
be a:su mJ that the signal cutput of the 12 er 10 has un
optical carrier frcqumcy of /-.,.

The lm‘ t bewmn 11 is directed to, and illuminctes the
targat 20, which is ascumed 1o be vibranu An cxho or
refle<ied signul, r«.p'csen::d by brokea lics 21 ts reflecied
from the target and includes therecn a phase podula itica
compenent, which shail be referred 1o as :,‘1 j, which i
a function of the propagation prih len changes of
the signal arising frem the vibratdeaal mot
target, with respect to the source of tha tro i
An amplitude modulation component, whizh shall be re-
ferred to as A(r), is also picswent on ihs echo signal.
Thus, at any one time the echo signal may be repre-
sented as the transmiued carrier signal, modified by the
phase modulation component, plus the amplitude modu-
lation component, at that time.

Since the frequency of the transmittad carrier signal
may be represented as */,,, tilen the instantancous value
of the transmitted signal at time ¢ may be represented as:

sin ot 1)

The instantaneous value of the echo sigaal at time ¢
may be reprecented as:

A1) sin (214+¢(1)) 2)

In our system the transmitted carrier signal serves as
a reference signal; therefore beam splinters 12 and 13
are provided, each of which extra l a S\—«-‘h: of beam
11 as indicated by Erohen line 13 d broken line is,
1t skould be noved thae ence of dilustration
tha wvoricus beams § 28 10 mors
clrarly resr ent ths g p.‘oc.».-,s-c, within g
SVSem. Hmvcver, i s naid beoresiized ihint eomie of the
weams, for example;, tehms 13 and 26, 16 and 27, 2%
asd 25, 27 and 23, 254 21 and 11, wiore these beams
are shown parallel w each other, would preferably he
in ceincidence and te projacted along substantially the
same axis. It should further be appreciated that cach

lcns‘.e dasers "xvn of l’r fun.,uons md r:
ing tc cur inveniion, mathematical equaiio
to descrice the various signzls and funs
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rair of bsam splitters 12 and 24, and 15 and 22 may. cach
be the same beam splitter, but each is separated and
shown as individual beum splitters, for coavenience and
clarity of description.

It should =lco be noted that reflectors or mirrors 14
and 17 wourld refect their respective beams from com-
maen points, re<pectively so that the beams 13 ard 26,
associzted with reflector 13, and beams 16 and 27 asso-
€izted with relfector 17 would each be in coincidence
respectivel 2. Fuither, since the beam spliters 12 and 24
mzy be onc beam snlitter and 15 ard 22 muy be another
ore beam spiitior thun the becms 26 ond 25 weu'd be
aprlied to the sume point er area as inputs and :he beams
27 and 23 would be snriied 19 another same point or ares
as inputs, The tareet 20 reflects the beam- 11 as 21 so
that 11 and 21 would also be in coincidence, having »
sutstantially common axia,

With the above in mind, it will be ccen that beam
splitter 12 defects part of beam 11, as indicated by 13
fo a mirror or reflestor 14, The refliceted beam from
suirar 14 is represented as beam 26. Beam sphiler 18
dellests part of beam 11, as indicnted by 16 10 a mirror
or refdector 17, Beam 16 i represented us passing through
17a, Opt. Ph. Shift, representing a light Ream phase
shifter. The porpowe of 172 is 1o shift the phase of beam
I8 =-d thus beom 27, as will be more fully deceribed
below, An alternuie miethed of providing phase shift of
the beum 16, is by pusitioning the mirror or reflector
17 <0 as to Yot zthen or shorten the path leagth of the
bexms 16 and 27, Beum 16 is reflected from mirror 17
whence it becomes heam 27.

The covrigr bean 11 illuminates the target 20 which
reflects the sigral us echo beam 21, Beam 21 is split by
bezm splivter 22 as indizated by beam 23 und the beam
spiitler 24 deflects hoam 21 as indicated by hean 28,

In ordzr to evpliin the desired rhase relationships
axong the sigaal und refererce beams 23, 28, 26 asd 27,
the points ¢ ond ¢ are arbitrorily selecred. It will be
founc thut as Letveen (hs echo sizrals 25 and 23 there
may be a fived phu-e difference. This may be cuvced by
the difference i path lengths of the sizaals. This phase
difference is measurable and let it be zssumed that such
phase differerice between beam 28 and bzom 23 at points
@ and b resnectively may be represented by g,

The phase shifter, e;ther 17a or, in the aliernative, the

sition of reflactor 17 is adjusted <o that the phase of
beam 26 at peint a difers from tke phase of team 27
at point b by the angle #+m3. This is possible since phase
shifter 17a affects only beam 27 (and, also, 16) and is
not in the paths leading to beams 25, 26 and 23,

With such arrangement the operation of the receiver
is not greatly depenaent upon the relative positions of the
laser, the photemixers, znd the target. After initial alisn-
mcnt to estublish the proper or desired phase relationship
within the ‘ictwork, the path lengths external to the
network become noncritical,

With the desired phase alignment accomplished the
beam 26, at point g may be represented as:

' sin wf 3)
and the beam 27 at point 3 may be represented as:
cos (wi+8) 4)

In other words it may be said thut the reference beams are
in quadrature: displacement, Further, since points g and
b were arbitrarily selecied, thzy could 2lio be chosen
%0 as to male the phase difference cqual to zero. Then
# becomes zero.

Trus the echo signals 2§ and 23 at points a and 3,
respectively, each may be referred to as:

A(2) sin (wt-+¢(1)) . (5)

The block diagram shows two channels, Channel One
and Channel Two, in broken line blocks. Each channel
includes a photomiser, un amplificr-filter, a. low-pass
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filter, & diode mixer and an IF amplifier, each channel
providing an output respectively to a summing retwork,
A common intermadiate frequency (IF) csciltator (osc)
provides an ouipet signal 1o an IF rkae ~plitter which
provides IF sienals in phase quadratire, wity respect
10 eich other, to the respective diode mixers. Thus the
signal inputs to the diode mixers may opervie to add to
the phas: shift between the reference < 's 50 as to
provide a phase shifr of 180* or may ~utiract from the
rhase shift between the reference sirnals <o as lo sub-
stantially climinate the phase difference initlyly developed
by 174 or, in the alternative, 17. The inters cdizte fre-
quency sicnut in its unshified form, is =ppiicd to the
summing neiwork 1o serve as a carrier signuf,

Referring 1o the input signals to Chznael One, the
signals 28 and 28 or,

sin wl+4{1) sin (wttg(0); (6)

are aprlied to the photomixer 39,
Referring to the input signals to Chzanel Two, the
signals 27 and 23 or,

€os wt4-A{1) sin (vt 44(1)) {7)

arc applied to the photomixer 32,

The protomiter, which mzy be a photsmultiplier ur
otker 1ype of photedetector may ke in the conventinnal
form of phatosentitive device, which prosides canversion
of Est 1o photocurren., und current maltinlicuation,

For a comprehensive de-cription uf the functions and
Frofesses of a photodetecior, reference may be made to
an criicle, “Evaluatiag Lizhi Demociulation™ by D. E.
Cualddis und B. L McMurtry, on puzes 54 15 60 of the
MoGraw-Hill pudtication “Electronics.™ April 6, 1964
iesue. The poges of The article panizu wrly wrplicable, are
razes 8% and 56.

wierring again to the optical inputs to Channel One,
the {oitowing equetions may be set forth:

Fi=k\/P, sin wt (2)
and
FamIn/Py(1) sin (wr4-¢(1)) (9

vwhere F; equals the electromarnetic fic'y strength of tha
optical reference beam 26: Fy equuls 112 clectromag netic
field strength of the opiical echo bearm 25: Fg is the effee-
tive reference beam power filling on the fice of the
photstube; Po(r) is the effective incident echo optizal
power fulling on the face of the phetotube and k is a
consiant reated fo the impedance of free space,

Thus,
=p(F)4F;)3 (10)
Where [ is the current emitted from the photocathode:
p is the responsivity of the photocathode in amperes per
watt, '
Therefore,
51=iRy,=pR (F1 1+ Fq)2 (11)
Where ey is the output of the phototube and Ry is the
lerminating lcad of the phototube, :

Thus,
{2=pR._[NPm sin (w+¢(1) +k\v/F sin w]? (12)
:
PRAVP (1) =Al1)
and o
PR Py=1
then

en={sin A0 sin {wr+6(D1)2  (13)
Relative to. the extical inputs to Channel Two, a corre-

sponding equation may he drawa exerpt thot Fp the Seld
strength of beam 27 would be representad as:

Fi=k/P, cos wt 14

while the term for By correspending to sizaal beam 23
would beithe same as !.hc_ term for -ignal beam 28,

~
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Thus the output 31 of photomixer 30 may be a vol'age
Bavir r a value as ey above (Egquation 13) and the out-
put 33 of photomixer 32 may be a voltage baving a
value eyt

£33={cos w4 A1) sin [wi+-¢(1)1)? (15)

Referring to the siznal output 31 of photomixer 30 the
equation may be expanded to:

en={sin wt+A() sin [«+6(1)])2
== (5in W) 1424(1) sin of sin [wi-+9(1)}
+{A(1) sin [wrte()]}? (16)

The term (sin )3 contains a D.C. term and the sce-
omd harmunic of the ¢piical or transmitted carried fre-
quency ard is not aovepted by the amplifier filter, 34, The
term {A() sin [wi+0) 13 muy be ipnored because
P,(1), the echo sigial power, is substuntially smalier than
P, the refcience bewn power, & a result of progagation

losses. Hence, A(Z) which equals (1, A\Pl) is much .

smaller than unity, and [A(1)]? bevomes neglipibly
small, The cross-preduct term 2A(:) sin wt  sin
twt+e(e)] is the term of interest since this term includes
the characteristics of the vibraiions of the target in a value
sufficiently high as to be processed. The term of interest
may be expressed as:

24(t) sin wf sin [wr-he(1)]
s=A () {—cos 12ur+¢(N1+cos [¢(ND]} (17)
Signal 31 is zppiled to amplider-filter, block 34, which
amplifies the sigral and fitters out the high frequency
companents, 2w Low-puss filter 35 further filfers the sig-
nal. Thus the signal at 35 may be expressed as:

eas=A(1) cos [¢(1)] (18)

Thus the charasterisiics on the echo siznal, which are
a fupction cof ths vibrational motions of th: tarpe:, as
expressed in maitematical equatiors have been isolated
in Channel Qe at 36,

The siznal outpiit 33 of rhotomirer 32, the result of
mixing siznals 27 and 23, hus been expressed above in
Equation 15. The cross-product term, the term of interest,
may be obluined in the same manner as shown for obtain-
ing the cross-prodict term of signal esy. The equivalent
cross-produciion term for signal 33 (233) may be rep-

resented as:
A1) sin [2r4¢(1)1+sin ¢(1)} 19)

The term of iInterest developed in the Channel Two
photomixer 32 is applicd to amplifier-filter 39 and low-
Pass filter 40 by which the high frequency components
are attenuated. The coraponents 39 and 40 of Channel
Two serve the same functions in Channel Two as com-
ponents 34 and 35 scrve in Channel One, so that the sig-
nal 41 may be expressed as:

eu1)=A(1) sin [¢(!)] (20)

Thus the characteristics on the echo signal, which are
a function of the vibrational motion of the target, as ex-
pressed in mathemarical equations have been isolated in
Chunnel Two at 41.

The signal 36 is applied 0 diode mixer 42 and the
signal 41 is applicd to diode mixer 43. .

Also applied to diode mixer 42 is the IF reference
signal 47, with IF rcference signal 48 being applied to
diode mixer 43. .

As previously described, on intermediaie frequency sig-
nal is developed in IF csciliator, block 45, We employ a
stable oscillalor providing an output cignal of 10.7 mega-
cxcles (10.7 me.) since such oscillator is readily available
and the frequency of the sizaal is suficiently hich so as
to beg subsianticilv above the highest frequescy of the
charac:eristics. which may normally be found on the echo
signal as a result of the vibration of the turzat 29, and
sufficiently low 50 as to be <ubstantially loser than the
frequency of the carrier signal, Further, the frequency of

'

&t

suistantafly recozstruct
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10.7 mec. is a convenient {requency 1o use because of the
ready availability of Jdemedulation eqiipment,

Ir sbou'd be pointed out that the 10.7 me. sizaal serves
as an ‘nlermediate freguensy signsl and intermediate fre-
quency signals of other frequeaciey may be used, as de-
~ived, <o long as the principles presented herein are main-
Liined. It §s desirable, thoash pot necewsary, that the fre-
quency of the intcrmediate freguancy sienal to be at least
double. or in excess of double, the frequency of the high-
et rormally expecied sideband frequency in the echo
signal,

The frequency of the sigral outpot 44 of the IF oscil-
lator 45 may be referred 10 23:

”miy,

This siznal is applied to the IF phase splitter, block 48,
which provides quadrature output signals 47 and 43,
which may be represented as: .
€an=sin mt (1))
and
C(4g)==L08 Mt (22)

The signals 47 and 36 are applied to the disde micer 43
which provides an output 50 which may be represented as:

e50=[A() cos [¢(1)]4sin m)2
=[A(1}]? cos? [9(1)]14-24(1) cos [8(1))
sin mi-fsin? mr (23)

The siznzls 48 and 21 are apnlizd to the dicds mixer 43
which provides an output 51 which may be represented as:
es,=[A1) sin [¢l1)]+ene inr]3

=[A(1)]17 sin? (1)1 4+24{1) sin {g(1)]
cos ritcost mi (24)

f the signals 30 and a1 2re applied o IF am-
and 83 ravpeciivaly. As seen previoaly, Afr)?
tzsimal and therefore tle Art term of ool
Fqoaticas 23 and 24 moy be nes's2ed. Aluo, sir? my aad
<052 me lend 1o D.C. and double fre acy ouipuis, Duge
ing amplification each of the re<paiive sizrals are ¢lice-
tively filtered thus eliminating 2.C. 2nd doulle frecuescy
components s0 that the signal 54 may be expressed as:

§ Lo

esay=224(f) sin ms cos [¢(1)] (25)
ard the signal 55 may be sxpreised as:
€5y =24t} cos m? sin [4(r)] (z8)

Expansion of the latler two signal eéquations may be ex-
pressed as;

€isy=A() (sin fmit+4{t)}—sin [mt—¢(1)1} (27)
e:55)==A (1) {sin [mt+4-¢(1)1+sin [me—g(0)1} (28)

As previously described the D.C. term - representing
the cross-product of the reference signal and the echo
signal was atienuated by the filter netw arks in cach chan-
nel so that the signals 36 and 41 zre the isolated echo
information signals with carrier information suppressed.

By mixing the echo information siznals 36 and 41 with

the phase shifted intermediate frequency signals 47 and
48 respectively two signals £0.and 51 are obtained each of
which include the echo information on the intermediate
frequercy signal, each intermediate frequency signal
shif:éd in phase with respect to each other,

The signals 54 and 55 ars the ampiified signals 50 aand
51 resrectively.

It w il be appreciated tha! the siznals 54 and 5% may b
added cor summed, as by the sumrming patwark, black 58,
This will provide 3 sizral v "1 is the echo information
reccnsirusted in ampliud ! frequency moednlation
form @t the intermediale wy levell Ia order to

i ¢+ sizmal, the carricr,

2d by the action of
-3, must be reinserted.
. required carrier fre-

wiich has previcusly bec.
the circuit elements alread:
For the purpose of provi.
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7 .
quency signal the output 44", whkich is substantially the
sum: output as 44 of block 458, is also applicd to the
summing reiwerk S8 so that the signals 54, §5 and 44
ar- summed. Since the signal 44’ is substantially uo-
skifted and is of the inlermediate frequency valve, the
signal 44" serves as the carrier siznal, thereky providiag a
signal §6, the summed signal, which is the reconstructed
ezho signal at the intermediate frequency level,

The use of the irtermediate frequency signal 44° as a
carrier signal for the recondricied echo sipnal is cone
venicnl since the siznal output is readily avoiluble. Hoa-
ever, [in practicing our invention another intermediate
frequency ~onrce may be used for a cardisr signal, if
dsired, so lorg os the carrier signal is substintially in
phase and frequency to the intermedia‘e frequency signal
twed for mixing with the isolued elio signals in b-sth
channcls,

Relative to the summing of the signals 54 and S5, &t
will be found that the sum of the siveuls may be repre-
sented as the sum of Equations 27 and 28 or,

€s5)=2A(1) sin [mi4¢(1)] 29)

The amplitude modulation component: on the recon-
structed signal may be climinated by a conventional iim-
iter and the frequeney modulaion coniponents niay be
recovered by conventional frequency demedulation tech-
nigues,

This may involve the use of a frequency modulation

discriminator, such as representad by black 59, which -

represents both the amplitude modulation Nmiter (AM
limiter) and the frequency modulation discriminator (FM
discrim).

An integrator, such as represented by block 60 (Integ)

may be employed so as to provide an oulput repiesenting o

the instantancous posidon of the target and this latter
output may be applicd to an indicator, such as 61 whizh
may be a meter or recordsr, A transducer, such as a
speaker or set of carpliones, may be u~ed so as to provide
an auditle indication 7 the vibrutiens of the target, if
desired,

Referring to FIG. 2, a circuit diagzram illustrating part
of the cireuitry which is represcnicd in block form in
FIG. 1 is presented, The circuit diagram of FIG. 2 is
marked »ff with broken lines so us o indicate Channal
Orie and Channel Two. Between theanarked off channcls,
a circuit which may be empleyed for a rhase splitter,
a sumning network, a limiter and FM discriminator is
shown,

It will be noticed that the circuit labeled Channe! Oae
is a substaniial duplication of the circuit labeled Channel
Two. Therefore the circuit functions of Channel One will
be described and such description: should be considered
a description of the circuit functions of corresponding
parts of Channel Two.

Similar reference characters are used as between FIG.
1 and FIG. 2 to indicate circuitry corresponding to the
block -form representations of FIG, 1.

It will be noted that FIG. 2 indicates that two direct
current (DC) voltage scurces (4150 v, znd —150 v.)
arc employed to drive the circuit with a common groucd
or-return represerted by the conventional ground symbol.
It will be appre.. ted that the various signal values may
be measureo or detected by conventional means, between
the electrical points indicuted by the refecence character
and common-ground.

Referring purticularly to the cifcuit blocked off and
Libeled 46, the signal 44-from the IF oscillator (not
stown) is applicd to the input lubeled 44, The resis:or
capacitor network 71, 72 sarves as a phate shift netwerk
to shift the phase of the siznal 44 by 45° in one direction,
The shifted signal is applied via lead 75 to the erid of
tube 76. The capacitor-resistor netv.ork 73, 74 scrves as
a phase shift network to shift the signal 44 by 45° in the
other direction. This shifted signal is apphied via lead 77
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to the grid of tube 78. This network provides two output
signals, ot the frequency of signal 44, shifted in phase 50°
with respect to each other.

Siznul 47 is pickeu off the cathode circuit of tube 76
and applied 0 the diode mixer 42 of Chunnel One via
the lead 47. Sicnal 48 is picked off the cathode circuit of
tube 78 and is applied to the ciode mixer 43 of Channel
Two via lead “4. Each sigral s individually capacitor
coupled, as shown,

The photomixer 30 is represented in pan, schemaiically,
as lire anode 80 of tube of the photomixer 30 coupled to
a preamrliler, diock 81, The siznal output of the phor »
mixer ut 31 is aprlied to the control g1id of a pentode o2
in the amplifier-filter 34. The amplified signal is coupied
from the unode circuit of tube 82 to the low-pass filter,
network 35, including capuciior 84 and coil 85. The sige
nal output of the low-pass filier is applicd via lexd 36 to

“the input of the diode mixer 42 along with the IF signal

on 47,

It will be appreciated that the signal at 31 may in:lude
Ib>w frequency romble or roise that is not necessarily
sharacteristic of the vibrations or motions not of jnterest
cf the target.

Such noixe or disturbances may atisc, for example, from
changes in the refractive index of the nir medivrny throuzh
which the optical signal propagates. It may d¢ desiruhie
to .utenuate such low frequency noise. This muy be ac.
compiished by sefecting the valuss of capucitice-resisti /e
retvork 63 and 64 so as to substamtially at'enuate such
low frequencies, This may have the 'eTect of iioreasing the
freguency level of the low frequency of the Yund of fre-
quencies passad by the filier networh. The volues of the
resitive-capacitive network of resistor 65 wnd capacitor
83 may also be sclected so a: to effectively control the
range of freauency vilues o the bund of frequencies
passed, if desired,

It will be noticed thit the circuit of the saveral LOmpo-
nents of each channel are in conventio sal form.

It will be wppreciated that the optical frequencics ine
cluded in the sizaal at 31 ure filtered ont so that the signad
at 36 includes the characteristics of the vibrations of the
target found on the echo signal

The combined signals at 36 and 47 are passed through
the mixer diodes 86 and 87 to the primary coll of trans-
forruer 88. The mixed signal is inducec into the secondary
of trensformer 88 and applied at 50 to the conirol grid of
pentode 89 of IF amplifier 52, The amplified siznal is
picked off the plate circuit of tube 89 and applied via lead
54 to the summing network 58.

The signal on lcad 55 is developed 3y Charnel Two in
the same manner as that described for Channel One., Sig-
nal 55 is also applied to the summing network.

The signal 44°, which is substantially the same signal
as 44, is alxo applicd to the summing network to be added
to the signals 54 and 55, the signal 44’ to sarve as the
carrier signal. The summing network, including capaci-
tors 91 and 92, junction 93 and resistor 94, provides an

output at junction 54 which output is applicd to the con-'

trol grid of pentode 98 an FM limiter-discriminator driver.
The anode circuit of tube 95 inclides the priinary of the
tuned discriminator transformer 9% which together with
rectifier tube 97 and its associated filter petwork performs
the desired phase detection.

The oulput of the discriminator s picked off the cath-
ode circuit of tube 97, the output at 98 being a voltage,
the instantanecus value of which is representriive of the
instantancous frequency of the echo sicnal, which is a
measure of the instanancous velocity of the vibrating tar-

get. The outprt 98 may be inicgrated by RC retwork 68

to give a voitage viiich varies as the iastantancous posi-
ticn of the vibrating tarest. The tntegrator output $9 may-
be conneeted to an indicator zrd/or meter, 61, which may
provide an indication and/or record, as for example, by
use of a reccrder, of the vibrations of the target 29
(shown in FIG. 1).

iy
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Thus we have described an optical radar system for
detecting and translating vibrations of a2 remote target
which avoids the u=e of a sczond laval escillater fer pro-
viding a reference siznal and which iacludes a dual chan-
nel quadrature arranzement, which has reconstrucied the
opliaal echo freqeuncy at an intermadiate frenucncy sig-

. This sysiem has the advantlaze of overcontizs the
Io'dﬂx*cr problem and avoids the use of compiex ¢ madu-
lation of sign:is at aptical frequencies. Obviously, al-
though certain al'ernate paris of the arrangement pre-

sented herein huve been suszested, other altemaale are

rang:ments including rearrangsment and substitution of
parts may be madsz, as will be familiar to those skilled in
the art, without depurting feom the spirit of the invention
as defined &) the apy pended claims,

What is claimed is:

1. An optical sy«em for determining the frequency

of vibration of a remote body including:

means for generating and transmitting a generally co-
berent light energy beam toward the remoe body,

means for reeeiving reflected light energies from such
remote body, said reflected Jicht energies shifted in
frequency frem’ the cartier frequency thereof in ac.
cordance with the frequency of vibrations of such
body, and for pioviding a signal which is a function
of said frequency shift,

means for isolating said signal,

means for gener:ting a subsiantially constant inter-
mediate frequency <ignal, the Tiequercy of which
exceeds the frgquency of the la zest frequency shift
of the reflected light energies,

means for mixing said ialated signal and the constant
intermediate frequency signal for providing a2 com-
plex signal havug intermediste frequency character-
istics modulated in frequency in accordance witn said
frequency <hift of the iwolated signal,

a frequency modulation di-zriminate, for detezting the
frc:qu:.m.y modulation of thae intermediate fre "'.4...4.)’
characteristics and for providing an output variatle
in accordance with such frequency modulation,

means responsive 1o said oniput for providing an in-
dization in accordance with the value of snid ourput
s0 that the indizavion will vary proportionally 1o the
vibration of the remote body.

2. An optical system for detecting znd measuring the

frequency of vibration of a remote body including;
means for generating a continuous coherent electro-
magnetic wave encrgy signal and for traasmitting
said signal to a remote body,

means for receiving signals so transmitted and reflected
from the body, the reflected signal including a ¢har-
acteristics, the value of which is proportional to the
frequency of vibration of the remote body,

means for homodyning a portion of the transmiited
signal and the reflected signal for providing a com-
plex signal,

means for isolating the said characteristic from sald
complex signal,

mears for genc'ming an intermediate frequency signal

W froguency of which s wreater than the frequency
value of said characteristic included on said reflected
signal,

mears for mixing said isclated characteristic and said
intermediate frequency siznal so that the intermedi-
ate frequency signal is modelsted in accordance with
tke characteristic. on said reflected signal,

means for separating the modulation of the modulated
intermediate frequency signals,

meaas for detecting the moeduliation of said modulated
intermediate signal and for providing an output rep-
resenting such modulation.

3. An optical system as in claim 2 and in which said

output is proportional to the modulation characteristic of
said modulated intermediate frequcncy signal and further

including,
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means responsive to said output for providing aa in-
dication of the value of said output.

4. An optical sysiem for determining the frequency

of vitratiom of a rem e, vitrating body including:

meaas for g;ntraan and transmitting generally co-
herert Tight beam enerey 1o a remote vibrating body,

mcans for receiving rcf‘.«.tco licht enerpies from such
remote, vibrating body and said refected light ea-

ergies including thereon ererey chaerucleristios rep- -

resenting the f.cq iency of such vitrations,
weans for mixing a portion of the trassmitted light
energies with the refllected Pght energies in each
each two channsls,

mezns for stienuiing the Lght enerics of the mired
energies und for yussing and amlifying the char-
acteristics representing said vibrulions, in eaca of
two channe's,

me.:n¢ for genereling a substamiully constant inter-
mediate freqreacy signal, the frequency of which
exceeds the {requency value of the characteristics
representing soid vibrations,

means {or providirg two intermediate frequency signal
cutputs in phase quedrature,

meaxns for mixing said characterisiics of one channel
with one output of said two intermiediate frequency
s gnal outpuls,

menns for mising said characteristics of the other chane
nel with the other ovtput of sa:d two intermediate
f-equeniy sigral outputs,

means for sumiring the ontpu's of the last two men-
tioned means for mixia?, and for adding said con-
stant iatermediiie freqoency signal as a carrier sig
nal,

mzuns for demedulating the output of said sunming
meuns for providing an output, variahle in accord-
atce with the fregiency modulation of the output
of the sumining mezns,

mecans respontive to the output of the demodulsting
recns for providing on incicaiion in accordance with
th= value of the varitble output so that the indi-
cation will vory proportionally with the freavzacy
cf vibration of the remote, vibrating body.

5. An optical system for determining the frequeacy of

vibration of a remote, vibratirg bm.y including;

mcuns for gemercting and trunsmiiling generally co-
herent optical frequency electromagneatic waves to &
remole, vibrating body,

me:rs for receiving reflected electromagnetic waves
f-om such remote vibrating body, said reflected elec-
tromagnetic wave including thercon information of
the vibruting cheracteristics of such remote body in
terms of amplitude change and phase shift of said
optical frequency clectromagnetic waves,

means for homodyning said transmiited optica! fre-
quency waves and said reflected waves in a first
channel,

means for homodyning said transmitted optical fre-
quency waves and said reflected waves in a second
channel,

mearns in each said first and said second channel for
extrocting and amplifying the amplitude change and
extracting tac phase shift of said refiected waves,
resr-ectively to provide signals indicative thereof,

means for generating an intermediate frequency sizonal
and for providing at least tw) intermediate frequency
signal outputs shifted in phase with respect to each
other,

means for mixing the sional from said first channel
wit one intermsdiate frequency siznal cutput,

means for mixing the signal fron, said secend channel
with the other interinediate frequency signal wiput,

means for summing the outputs of the two mixing
means and for adding said intermoditae frequency
signal thereto as a carrier signal for providing an
intermediate frequency signal, frequency modulated
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in accordance with the phase shift of said reflected
clectromoaznetic waves and amplitude modulated in
accordince with the amplitude modulatisn of said
redected wives, so that the vibrational character-
istics are reconstructed in terms of freguency mrodu-
Iaticn and aieplitude modulation at the intcormediate
frequency sizna! frequency,

means for Emiting the amplitude modulation of the
output of the summing means,

meaas for Jemoedulsiing the frequeney mextulated,
limited intermediate frequency signal outru: for pro-
viding an output varichle in accordunce with the
frequency modulation of the modulated interme-
diate frequency signal,

means responsive to the variable output of the demodu-
lating mears for providing an ialication in accurd.
ance with thie value of suid variable output so that
the indication may vary in proportion to the vibra-
tion of the remote vibiating body.

€. An opiica! system as in civim § znd in which each
s2id means [ar homody ninz includes;

a photuaullipiier having an input and an output,

means for deficcting purt of the transmitled nptical
frequency electromnenetic waves to <uid inpu:, and

means for defecing part of the reflected electromag-
netic wives 1o said input.

7. An optical system os in claim 8 and in which each
said means for homudysing includes;

a photomultiplicr having un input ond an output,

means for delecting part of ihe transmitied optical
frequenty electremognetic waves to said input,

means for deflecting purt of the reflected electromag-
netic waves to said input, and

means for shifiing the phusz of one of the deflected
transmitted optical frequency elestromunnstic waves
so that the outputs of the respective photemultipliers
are substaniially 90° out of phuce with revpect to
each other.

8. An opiico! sy<em as in cloim § and in which the
frequency of the ictermediate frequency siznal is sob-
stantially higher thun the highest frequency of the phase
saift on the reflected electremarnstic waves and sub-
tantially loveer than the fregoency of the optical fre-
gtrency transmiited siznal, and

said two intermediate frequency signal oulputs are
shifted in phase 90° with respect 1o each other,

9. An optical receiver for an opiical radar system for
recon-tructing izformation on reflected optical frequency
signals at n substantially lower, intermediate frequency
signal level including:

means for transmitting gererally cohzrent optical fre-
quency sinals toward a reflecting surface,

a first channel for receiving and homodyning a portion
of the transmittad optical frequency siznal and a
portion of the reflected optical frequeincy signal, and
iucluding,

means for Ritering the homodyned signal of said first
channel for providing a first output representing the
informution on the reflected cpticnl fraguinrey siznal,

a second channel for receiving and homodyning an-
other peiiion of the transmitted optical frequency
signal and another jortion of the reflectec aptical
fregucncy signal, and including,

mean; for filtering the homodyned <iznal of said second
channel for providing a secoad output representing
the information on the refiected optical freguency
signal,

means for generating and providing an intermediale fie-
guency siznal and for further providing iwo signal
outpuis equal in frequeney 1o 24 intermnedinte fre-
quency signal ard displaced 90° in phase with re-
spect to euch oiber,

means in said fir<t channel for receiving and mixing
said first output anc one signal output of said two
signal outputs,
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means in said second channel for reeciving and mixing
sajd second outpnt and the other signal output of
said two signal outputs,

means for summing the mixed ¢'gnal ouiputs of each
said first channel and said secord channe! and for
adding thereto said intermediate frequency siznal as
a carrier siznal so that the said reflccied optical fre-
quency signal is seconstructed at the intermediste fre-
quency signal level and the said information on the
reflected optical frequency signal is the [requency
moidulition of the intermediate frequency siznal.

10. A radar receiver for an ontical radar sysiem as

in cluim 9 and in which said receiver further includes;
means for demodulating the jatermcedicte frequency
siznal so frequency modulated for providing an out-
Fut variale in accordance with the frequency modu-
Tation Jurasteristic,

11 An optical receiver for an optical radar sysiem for
reconsiruciing informo.on on reflested opiical frequency
signals at a wubstantafy lower intermediate frequency
signal level including:

means for gencrating and tranumitting generally co-
herent optical frequency siznals toward a reflecting
surface, '

a first channel for receiving and horodyning a portion
of the transmitted optical frequency siznals and a
portion of the reflected optical fregueney signals, and

meuns for filtering the homodyned siznal of said first
channel for providing a first outrut representing the
informaticn on the reflected opiical frequency sig-
nal,

4 sccond channel for receiving ard homedyning an-
other portion of the transmitted crniical frequency
signals und another portion of the reflected optical
frequency signals,

meceas for fillering the homodyned sigaal of <aid second
chiannel for providing a second oursat reproscnting
the information on the reflected optical {requency
siznal, and

means for shiftixg the phase of said othzr sartion of the

© transmitted eptical frequency sional so that the rhase
of said second output is shifted suhstantislly 90°
with respect to the phase of said first output

means for generating and providing an i~termediate fre-
suency sizanl and for furiher providi-g two siznal
outpuls equal in frequency 10 suid inte mediate fre-
quency signal and displaced S0° in phase with re-
spect to each other,

oeans in which said first channel for receiving and
mixing snid first output and one signal output of said
two signal outputs,

means -in said second channe! for receiving and mixing
said second output and the other sizial output of
said twa signal outputs,

said mixed signal of :aid first channe] and said mixed
signal of said sezond channel having a phase dif-
ference of substantially 180°,

eans for summing the mixed signal ovutputs of £aid
first channel and said second channel nnd for adding
thereto said intermediale frequency siznal as a

- earrier signal so that the said reflzcted optical stenal
is reconstructed at the in‘ermediare freguency signal
level and the information on the said refected omicnl
frequency signal is the frequency modulation of such
intermediate frequency signal,

12. An optical receiver as in claim I1 and further in-
cluding,

means for demodulating said intermediate frequency

ignal for providing an output representing such fres
quency medulation.

13. An optical receiver as in ciaim 12 and in which
said output of said demodulation means is varizble and
proportional to the frequency modulation of said integ-
mediale frequency signal, and further including,
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means responsnc to said output of said demodutation
mcans for providing an indication of ithe value of such
output.

14. Ao optical rceeiver for an optical rodar system in
whicn generally ccherent signnls at optical frequencies
are generated and transmiited to a body in motion and
said transmitted signals zre reldected from said Fody to
said receiver, said reflicted siznals including thereon
characteristics related and proporiionai to the moticn of
said body, said optical receiver including:

means for bomedyne mixirg a portion of the trans-

mitted optical frequency signals and a portion cf
the reflected signuis ia each of two quadrature
channels,

each channel further including,

mecans for isslating the characteristics related and pro-

portional to the moetion of said body from the homo-

dyned signals provided by each homodyning means

respectively, as outputs,

means for mixing the i:olated characteristics outputs

with an intermediate frequeacy sigaal,

means, comnion to both channels, for geaerating said

intermediate frequency signal,
means, common to both channels, for providing two
signals at the frequency of the said intermediate fre-
quency signal, with ench sizral displaced in phase so
us to be 50° out of pha~e with respect to each other,

meaans for applying one signal of said two signals to
the mixing mcans of one chunnel of said two quad-
rature channels and for applying the other siznul
of said two siznals ta the mixing means of the other
chaanel of suid {wo guadraturé channels,

means, common to both chunnels, for elestrically add-

ing the outputs of both szid mixing means, and for
adding thereto said intermedinte frequency signal so
as to provide a signal the carrier frequency of which
is equal to the frequency cf the intermediate fre-
quency signa! and frequency modulated in accord-
an e with the characieristics related and proportional
to ihe motion of said body,

mzans for demodulating the signal output of the adding

means for providing a siznzl variable in accordance
with the frequency modulation of said signal output
of the adding means,

means responsive to said varjable signal for providing

an indicaticn in accordnnce with the value of said
varizble signal so that the indication will vary pro-
portionally to the motioa of the said body.

15. An optical receiver as ia claim 12 and in which
one said mecans for homodyre mixing of one channel of
said two quadrature channcls includes,

means for shifting the phase of the said portion of the

transmitted optical frequency signal so that the homo-
dyned signal of one channel is shifted substantially
$0° with respect to the homodyned signal of the other
chainel.

16. A optical receiver for aa optical radar system in
which generally coherent signals of radiant electromagnetic
energies at optical frequencies are generated and trans-
mitted to a body in motion and in which the transmitted
signals are reflected from said bedy to said optical re-
ceiver, said reflected signals including thereon charac-
terisiics related to and properticnal to the motion of said
body, said optical receiver including;

a first photomixer for mixing optical frequency signals

and having an input and an output,

a second photomixer for mixing ortical frequency sig-

nals and having an inpui and an cutput,

means for deflzcting part of the optical frequency trans-

mitted signals for providing a first reference signal
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and for dirccting said first refercnce signal to said
input of s:1d fict photomixer,

means for d:qscting another part of the optical fre-
quency transmilted signals for previding a second
reference siznal and fcr directing scid second refer-
ence signal to said input of said secord pbetomixar,

means {or d:Nzcting one part of the optical f.-quemy
reilected siznals to said input of sald Fm rhotomixer,

means for defiecting another part of the optical fre-
quency reficcied sxgnals to said input cf said sscond
photomixer,

said oae part of the reflected sipnals and <aid other part
of the reflzzied signals haviag a phae diTzrence of
# at two seiccied ur’ci!r;-.ry poirts i1 the network,

means for shifting the phase of soid sacond reference
signal by 6+/5 so thal the phase shift differential be-
1 en the :‘~ we difference bcmc\n the said first ref-
erenze signit and szid one part of the refizeted signal
and the phaee difference betneen said scoond reler-
ence signal nad said oiber part of the relocted sivnals
is subaiantiully =/y at the suid arbitrury poinis i the
network,

means for atteruating the opzm! frequency come
ponents from the output siznui of the first photo-
nrixer, so zy to provide a first filtered signal repres
senting the charucterivtics on sadd reflected signal,

mezuns for atlenJating the opticul frequency components
from the ouiput sivnal of the second photomiser, 50

© as 1o providz a second filtered siznul representing the
characteri.tics on said reflected signal,

means for providing a first intermediate frequency
signal,

‘means for prowiding two signals, substantially equal in
frequency to scid Srot intermadinte frequency signal
and shified in phase r/y with respact to ench other,

means for mianitg said first fitlered <ignal and one sipnal
of suid two s iding a first ontpa iz nal
at the intermvediate ficquency and fregquency modi-
fated in accordance witih the modulation of said fisst
filtered signal,

means for mixirg said serond fillered signal and the
other sw‘gn,.. of said two siznals, for providing a
second outpit signal at the intermedinte freguency
and frequency modulatzd in pccordonce with the
modulation of said second filtered sivnal,

said frequency medulation of swd fir output sigasl
being subs ily 186" out of phase wiih the fre-
quency moduluuon of said se¢ond output signal,

means for summing said first output sizaal and <a.1d
second output signal and for adding thereto said first
intermediate frequency signal for providing a final
frequency modulated intermediate frequency signal,

micans-for demodulating said final frequency modulated
signal and for providing a final output which varies
in value in accordance with and proportional to the
motion of said body.
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